Critical amino acid residues within the φC31 integrase DNA-binding domain affect recombination activities in mammalian cells.
The bacteriophage-derived ϕC31 integrase system represents an attractive tool for site-directed recombination in mammalian cells. Its integration reaction is based on recombination between the attachment site attB within an episomal substrate plasmid and either the bacteriophage-derived wild-type attachment site attP or pseudo-attP attachment sites (attP') present in the mammalian genome. In the present study we aimed at increasing the safety and efficiency of ϕC31 integrase-mediated recombination by mutating the DNA-binding domain located at the C terminus. Using an alanine mutagenesis approach, we generated 22 ϕC31 point mutants that were screened for activities in mammalian cells. Intramolecular excision assays based on recombination between attB and attP revealed five mutants with 2-fold enhanced excision activity. Importantly, we also identified mutants showing enhanced recombination activities between attB and three previously described attP' sites detected in the mammalian genome, indicating that there may be enhanced specificity for these hot spots. Several mutants showed, in mammalian cells, integration activities that increased in a cell line-dependent manner. The combination of beneficial mutations in addition to optimization of the integrase plasmid dose enhanced integration efficiencies up to 5.5-fold. We also identified three ϕC31 integrase mutants that were recombination defective in all applied assays, suggesting that these amino acid residues are essential for the functionality of ϕC31 integrase in mammalian cells. In summary, we identified critical amino acid residues within the ϕC31 DNA-binding domain. With respect to site-directed recombination and genome engineering these findings have important implications for improved ϕC31 protein design.